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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a multilayer wiring board with a built-in 
electronic element which has an excellent connection reliability and is small in 
size and light-weight, by eliminating the problem that a poor electric connection 
could occur due to thermal stress caused by a large difference in thermal 
expansion between the electronic element and insulation layers. 
SOLUTION: The multilayer wiring board 9 with a built-in electronic element has 



(51)lnt.CI. 



such a structure that a plurality of insulation layers 3 formed of an organic 
material are stacked, and that a wiring conductor 4 is formed on the surface of 
each insulation layer 3, with the wiring conductors 4 located on and under the 
insulation layer 3 being electrically connected via a through conductor 5 formed 
in the insulation layer 3. The multilayer wiring board 9 includes a built-in 
electronic element 8 having an extraction electrode 13 electrically connected to 
either the wiring conductor 4 or the through conductor 5 inside a cavity 7 formed 
in at least one of the insulation layers 3. At least part of the insulation layer 3 
located immediately above and below the electronic element 8 is such that a 
coating layer 2 such that inorganic insulation powder is combined with 
thermosetting resin is formed on the top and the bottom face of a liquid crystal 
polymer layer 1 , with the coating layer 2 in contact with the electronic element 8 
thicker than the one 2 on the opposite side. Due to this structure, the problem 
that a poor electric connection could occur due to thermal stress caused by a 
large difference in thermal expansion between the electronic element and the 
insulation layers can be solved. 
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CLAIMS 



[Claim(s)] 
[Claim 1] 

A conductor is formed, while carrying out the laminating of two or more insulating 
layers which consist of an organic material -- the front face of these insulating 
layers -- wiring ~ Through a conductor, connect electrically and it changes, said 
wiring located up and down on both sides of said insulating layer - a conductor - 
the penetration formed in said insulating layer in between -- It is the multilayer- 
interconnection substrate with a built-in electronic device which contained the 
electronic device which has the cash-drawer polar zone electrically connected 
with a conductor, the interior of the cavernous section which said insulating layer 
was further alike at least, and was prepared - said wiring - a conductor or said 
penetration - Said insulating layer located in right above [ of said electronic 
device ] and directly under at least The multilayer-interconnection substrate with 
a built-in electronic device with which thickness of said enveloping layer of the 
side which forms the enveloping layer which combines inorganic insulation 



powder with thermosetting resin, and grows into the vertical side of a liquid 
crystal polymer layer, and touches said electronic device is characterized by 
being thicker than the thickness of said enveloping layer of the opposite side. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the wiring substrate which contained electronic devices, 
such as a capacitor element used for electronic equipment, such as various AV 
equipments, a household-electric-appliances device, communication equipment 
and a computer, and its peripheral device. 
[0002] 

[Description of the Prior Art] 

A conductor is formed, wiring of plurality [ front face / which consist of organic 
resin ingredients, such as an insulating layer or a glass epoxy resin with which a 
wiring substrate consists of ceramic ingredients, such as an alumina, 
conventionally, / of an insulating layer / the interior and the front face ] -- Through 



a conductor, connect electrically and it changes, wiring located up and down - a 
conductor -- the penetration which formed between in the insulating layer -- while 
carrying electronic devices, such as a semiconductor device, and a capacitor, a 
resistance element, in the front face of this wiring substrate -- these electrodes - 
each wiring -- the electronic instrument used for electronic equipment is formed 
by connecting with a conductor. 
[0003] 

However, small and thin shape, and lightweight-ization is required as electronic 
equipment being represented by mobile communication equipment, and small 
and densification are increasingly required also for the wiring substrate carried in 
such electronic equipment in recent years. 
[0004] 

Since it corresponds to such a demand, the module with built-in passive circuit 
elements which contained passive circuit elements, such as a chip-like capacitor 
element, in the interior of a wiring substrate is proposed by JP,1 1-220262.A in 
order to reduce the number of the electronic devices carried in the front face of a 
wiring substrate and to miniaturize a wiring substrate. 
[0005] 

[Patent reference 1] 

JP,11-220262,A 

[0006] 

[Problem(s) to be Solved by the Invention] 

However, the module with built-in passive circuit elements shown in JP,1 1- 
220262,A Since it is manufactured by laying the passive circuit elements 
mounted on copper foil under the insulating substrate which consists of an epoxy 
resin or cyanate resin and an epoxy resin and cyanate resin have the large 
coefficient of thermal expansion, If the heat which an electronic device generates 
at the time of actuation, the temperature change of an external environment, etc. 
are impressed repeatedly It had the trouble that stress will concentrate on the 
mounting section of passive circuit elements and a circuit pattern by the 



expansion or contraction of an insulating substrate which builds in passive circuit 
elements, a crack will occur, and poor electrical installation, such as an open 
circuit, will occur. 
[0007] 

This invention is thought out in view of the trouble of this conventional technique, 
and the purpose is in offering the small and lightweight multilayer-interconnection 
substrate excellent in connection dependability with a built-in electronic device. 
[0008] 

[Means for Solving the Problem] 

A conductor is formed, while the multilayer-interconnection substrate with a built- 
in electronic device of this invention carries out the laminating of two or more 
insulating layers which consist of an organic material -- the front face of these 
insulating layers -- wiring - Through a conductor, connect electrically and it 
changes, said wiring located up and down on both sides of said insulating layer -- 
a conductor ~ the penetration formed in said insulating layer in between ~ It is 
the multilayer-interconnection substrate with a built-in electronic device which 
contained the electronic device which has the cash-drawer polar zone electrically 
connected with a conductor, the interior of the cavernous section which said 
insulating layer was further alike at least, and was prepared - said wiring - a 
conductor or said penetration - Said insulating layer located in right above [ of 
said electronic device ] and directly under at least The enveloping layer which 
combines inorganic insulation powder with thermosetting resin, and grows into 
the vertical side of a liquid crystal polymer layer is formed, and thickness of said 
enveloping layer of the side which touches said electronic device is characterized 
by being thicker than the thickness of said enveloping layer of the opposite side. 
[0009] 

According to the multilayer-interconnection substrate with a built-in electronic 
device of this invention, the insulating layer located in right above [ of an 
electronic device ] and directly under at least From it being what forms and 
changes, the enveloping layer which combines inorganic insulation powder with 



thermosetting resin, and grows into the vertical side of a liquid crystal polymer 
layer Since a liquid crystal polymer layer with a small coefficient of thermal 
expansion can restrain an enveloping layer with a large coefficient of thermal 
expansion and the coefficient of thermal expansion of an insulating layer can be 
made to approximate with the coefficient of thermal expansion of an electronic 
device Since the big thermal stress which originates in the plane of composition 
of an insulating layer and an electronic device at the difference of both coefficient 
of thermal expansion does not occur even if the heat which the electronic device 
carried generates at the time of actuation, the temperature change of an external 
environment, etc. are repeatedly impressed to a wiring substrate a crack 
occurring in both plane of composition, or exfoliating among both -- there is 
nothing - consequently, wiring - a conductor and penetration - it can consider 
as the multilayer-interconnection substrate with a built-in electronic device which 
poor electrical installation, such as an open circuit, did not occur in a conductor, 
and was excellent in connection dependability. 
[0010] 

moreover, the thickness of the enveloping layer of the side which touches an 
electronic device an insulating layer from it being thicker than the thickness of the 
enveloping layer of the opposite side Since there are many amounts of the 
thermosetting resin with which adhesion with an electronic device is presented by 
the side which touches an electronic device, even if the heat which adhesion with 
an electronic device becomes good and the electronic device carried generates 
at the time of actuation, the temperature change of an external environment, etc. 
are repeatedly impressed to a wiring substrate between these - exfoliation - 
generating -- wiring -- a conductor and penetration -- it can consider as the 
multilayer-interconnection substrate with a built-in electronic device which a 
conductor was not disconnected and was excellent in electrical installation 
dependability. 
[0011] 

[Embodiment of the Invention] 



Next, the multilayer-interconnection substrate with a built-in electronic device of 

this invention is explained to a detail based on an attached drawing. 

[0012] 

Drawing 1 is the sectional view showing an example of the gestalt of operation of 
a multilayer-interconnection substrate with a built-in electronic device of this 
invention, and drawing 2 is the expanded sectional view of the electronic device 
built in the multilayer-interconnection substrate with a built-in electronic device 
shown in drawing 1 . Moreover, drawing 3 is the partial expanded sectional view 
of the insulating layer 3 shown in drawing 1 . 
[0013] 

in these drawings, 1 is a liquid crystal polymer layer, 2 is an enveloping layer, 
and an insulating layer 3 mainly forms by these -- having -- **** ~ 4 [ moreover, ] 
-- wiring -- a conductor and 5 -- penetration -- a conductor and 8 -- the capacitor 
element as an electronic device ~ it is - mainly - an insulating layer 3 and wiring 
-- a conductor 4 and penetration - the multilayer-interconnection substrate 9 with 
a built-in electronic device of this example consists of a conductor 5 and a 
capacitor element 8. 
[0014] 

In addition, by this example, while carrying out the four-layer laminating of the 
insulating layer 3 and changing, the multilayer-interconnection substrate with a 
built-in capacitor element which lays one capacitor element 8 underground and 
changes is explained. 
[0015] 

First, the capacitor element 8 as an electronic device built in the multilayer- 
interconnection substrate 9 with a built-in electronic device is explained. 
[0016] 

Length, width, and height are the rectangular parallelepipeds which are 1-5mm, 
respectively, and the capacitor element 8 is formed by preparing so that the 
cash-drawer polar zone 13 which connects electrode layer 1 1 predetermined 
comrades electrically may be penetrated up and down while carrying out two or 



more layer laminating of the electrode layer 1 1 and the ceramic dielectric layer 

12 to drawing 2 by turns, as shown in a sectional view. 
[0017] 

As an ingredient of such a ceramic dielectric layer 12, various dielectric ceramic 
ingredients can be used, for example, it is calcium about Ba which is the ceramic 
constituent of BaTi03, or a LaTi03, CaTi03 and SrTi03 grade, or the 
configuration element of BaTi03, and barium titanate system ingredients, such 
as the solid solution which permuted Ti partially by Zr or Sn, a lead system 
perovskite type structure compound, etc. are mentioned. 
[0018] 

Moreover, as an ingredient which forms the electrode layer 11, metals and those 

alloys, such as Pd and Ag-Pt-nickel-Cu-Pb, are used, for example. 

[0019] 

furthermore, a capacitor element 8 penetrates the layered product of the 
electrode layer 1 1 and the ceramic dielectric layer 12 for two or more cash- 
drawer polar zone 13 electrically connected to many electrode layers 1 1 -- as -- 
having -- **** -- these -- wiring of the electrode layer 11 of a capacitor element 8, 
and the multilayer-interconnection substrate 9 with a built-in electronic device -- a 
conductor 4 and penetration ~ the operation which connects a conductor 5 
electrically is accomplished. In addition, although it pulled out, and the polar zone 

13 was formed in this example so that the layered product of the electrode layer 

1 1 and the ceramic dielectric layer 12 might be penetrated, the cash-drawer polar 
zone 13 may be formed by printing soldering paste to the end face of the layered 
product of the electrode layer 1 1 and the ceramic dielectric layer 12. However, as 
for the cash-drawer polar zone 13, from a viewpoint of the ease and inductance 
reduction of detailed-izing and a process, it is desirable to be formed so that the 
layered product of the electrode layer 1 1 and the ceramic dielectric layer 12 may 
be penetrated. 
[0020] 

Moreover, it is desirable to contain the thing of the same quality of the material as 



the electrode layer 1 1 from a viewpoint of metals and those alloys, such as Pd 
and Ag-Pt-nickel-Cu-Pb, being used, and making good especially electrical 
installation with the electrode layer 1 1 as a conductor which forms the cash- 
drawer polar zone 13. In addition, what is necessary is for the path of the cash- 
drawer polar zone 13 to be several 10 micrometers - several mm, and just to 
decide it suitably in accordance with the magnitude of a capacitor element 8. 
[0021] 

Such a capacitor element 8 first For example, the metal paste for electrode layer 
1 1 created by the well-known paste creating method in the front face of two or 
more BaTi03 dielectric ceramic green sheets for the ceramic dielectric layers 12 
manufactured by the well-known sheet forming method is printed so that it may 
become a predetermined configuration with screen printing. Then, while carrying 
out the laminating of these ceramic green sheets to predetermined sequence, 
are stuck by pressure, and a layered product is obtained. Next, while laser beam 
machining by punching processing, UV-YAG laser, excimer laser, carbon dioxide 
gas laser, etc. draws out to this layered product and punching the through tube 
for polar-zone 13 formation, pull out in that through tube and it is filled up with the 
metal paste for polar-zone 13. While cutting the layered product in predetermined 
magnitude finally, it is manufactured by calcinating at the temperature of 800- 
1600 degrees C. 
[0022] 

In addition, in order to consider as a detailed through tube especially, it is 
desirable to form a through tube by drilling processing by laser. Moreover, in 
order to make good electrical installation of the conductor and the electrode layer 
1 1 with which the interior is filled up, as for a through tube, it is desirable to 
perform ultrasonic-cleaning processing, DESUMIA processing, etc. after 
punching processing or laser drilling processing. 
[0023] 

Moreover, the metal paste for cash-drawer polar-zone 13 is formed by 
distributing metal powder into the organic vehicle made to dissolve organic 



binder resin in an organic solvent. In addition, in the vehicle, various dispersants, 
activators, plasticizers, etc. besides these may be added if needed. The organic 
binder resin used for this conductive paste has the role which gives proper 
viscosity and a proper rheology in the embedding to a through tube while making 
homogeneity distribute metal powder, for example, acrylic resin, phenol resin, an 
alkyd resin, rosin ester ethyl cellulose methyl cellulose polyvinyl alcohol polyvinyl 
butyrate, etc. are mentioned. It is desirable to use acrylic resin from a viewpoint 
of improving dispersibility of metal powder especially. 
[0024] 

Furthermore, as for the organic solvent used for this conductive paste, it is 
desirable to dissolve organic binder resin, to distribute a metal powder particle, 
and for an ester system, naphtha, etc., such as alcoholic systems, such as 
nothing, for example, alpha-terpineol, and benzyl alcohol, and a hydrocarbon 
system, an ether system, butyl carbitol acetate, to be used in the role which 
makes such whole mixed stock the shape of a paste, and to use alcohols 
solvents, such as alpha-terpineol, from a viewpoint of improving dispersibility of 
metal powder especially. 
[0025] 

This conductive paste can be considered as the paste which added the glass frit 
and the ceramic frit further again, in order to raise the bond strength to the 
capacitor porcelain after embedding and baking. It is not limited especially as the 
glass frit or ceramic frit in this case, and titanium system oxides, such as glass of 
a hoe silicic acid system or a hoe silicic acid zinc system and titania barium 
titanate, etc. can be used suitably. 
[0026] 

In addition, as for the front face of a capacitor element 8, it is desirable for it to be 
larger than 0.2 micrometers and to set 0.5 micrometers or more of maximums 
Rmax of arithmetic mean granularity R of the front face of the ceramic dielectric 
layer 12 to 1.0 micrometers or more the optimal desirably from a viewpoint of 
raising an adhesive property with an insulating layer 3. In addition, since the 



inclination a crack and a chip become easy to generate is in a capacitor element 
8 when the maximum Rmax of surface roughness R of the ceramic dielectric 
layer 12 exceeds 5 micrometers, what maximum Rmax of surface roughness R is 
set to 5 micrometers or less for is desirable. 
[0027] 

The front face of such a ceramic dielectric layer 12 of capacitor element 8 front 
face is the phase of the green sheet layered product before baking, and after 
giving irregularity physically by pushing roughening processing according the 
front face of a layered product to brushing, and the plate which carried out 
concavo-convex processing beforehand etc., or after it performs dimple 
processing by opening a non-through tube in a green sheet layered product front 
face with laser, it can be made into desired surface roughness by calcinating. 
Moreover, it is good also as desired surface roughness by the thermal resistance 
at the time of baking being higher than the ceramic ingredient used for the 
ceramic dielectric layer 12, mean particle diameter having some ceramic 
ingredients and reactivity which are used for ceramic powder or the ceramic 
dielectric layer 12 10 micrometers or more, and a pitch diameter making it adhere 
to a green sheet layered product front face so that a part may embed ceramic 
powder 10 micrometers or more, and calcinating. Furthermore, the front face of 
the capacitor element 8 after baking of a green sheet layered product may be 
roughened by the chemical technique, such as physical means, such as 
sandblasting, or etching. 
[0028] 

Next, the multilayer-interconnection substrate 9 with a built-in electronic device of 
this invention is explained to a detail based on drawing 1 and drawing 3 . 
[0029] 

wiring which changes from copper foil to the front face of these insulating layers 
3 while the multilayer-interconnection substrate 9 with a built-in electronic device 
of this invention carries out the laminating of two or more insulating layers 3 to 
drawing 1 , as shown in a sectional view - the conductor 4 is formed, moreover, 



wiring located up and down on both sides of an insulating layer 3 - the 
penetration which consists between conductors 4 of the conductive resin formed 
in the insulating layer 3 - wiring which connects electrically through a conductor 
5, changes and is located in the up-and-down outermost layer -- it considers as 
the connection pad 6 by which some conductors 4 are connected with an 
external electrical circuit, furthermore -- while building the above-mentioned 
capacitor element 8 in the interior of the cavernous section 7 which the insulating 
layer 3 was further alike at least, and was prepared - vertical both the principal 
planes of the capacitor element 8 -- setting - pulling out -- the polar zone 10 -- 
penetration -- a conductor 5 -- minding - wiring - it connects with the connection 
pad 6 which consists of a conductor 4 or its part electrically. 
[0030] 

And in the multilayer-interconnection substrate 9 with a built-in electronic device 
of this invention, the insulating layer 3 located in right above [ of a capacitor 
element 8 ] and directly under at least has the composition in which the 
enveloping layer 2 which combines inorganic insulation powder with 
thermosetting resin, and grows into the vertical side of the liquid crystal polymer 
layer 1 was formed, as shown to drawing 3 in a sectional view, in addition, this 
example - setting - the insulating layer 3 of four layers -- the example at the 
time of considering as the configuration in which the enveloping layer 2 from 
which all combine inorganic insulation powder with thermosetting resin, and 
change to the vertical side of the liquid crystal polymer layer 1 was formed is 
shown. 
[0031] 

In addition, a liquid crystal polymer points out the polymer which has a liquid 
crystal condition or the property which carries out a birefringence optically here at 
the time of melting. The thermotropic liquid crystal polymer which shows liquid 
crystallinity at the time of the lyotropic liquid crystal polymer which generally 
shows liquid crystallinity in the state of a solution, or melting, or as a liquid crystal 
polymer used for this invention, including the liquid crystal polymers of all 1 mold, 



2 molds, and 3 molds classified according to heat deflection temperature From a 
viewpoint of temperature cycle dependability, solder thermal resistance, and 
workability, the temperature of 200-400 degrees C and the thing which has the 
melting point in temperature of 250-350 degrees C especially are desirable. 
Moreover, the polyphenylene ether system organic substance means 
polyphenylene ether resin, the resin which various functional groups combined 
with polyphenylene ether, or these derivatives and polymers. 
[0032] 

Such a liquid crystal polymer layer 1 within limits which have the function in 
which the coefficient of thermal expansion of an insulating layer 3 is made to 
approximate to the coefficient of thermal expansion of a capacitor element 8 
while giving mechanical reinforcement to an insulating layer 3, and do not spoil 
the physical properties as a layer Light stabilizer, such as an ultraviolet ray 
absorbent for improving the antioxidant and lightfastness for improving thermal 
stability, Fire-resistant assistants, such as a fire-resistant agent of the halogen 
system for adding fire retardancy, or a phosphoric-acid system, an antimony 
system compound, and boric-acid zinc, metaboric acid barium, a zirconium 
dioxide, In order to adjust lubricant, such as a higher fatty acid for improving 
lubricity, and higher-fatty-acid ester, a higher-fatty-acid metal salt, a fluorocarbon 
system surfactant, and a coefficient of thermal expansion, And/or, a mechanical 
strength The aluminum oxide, the oxidization silicon, the titanium oxide, the 
barium oxide, the strontium oxide, the zirconium dioxide, the calcium oxide 
zeolite, the silicon nitride, the alumimium nitride, silicon carbide, and titanic acid 
for improving Fillers, such as potassium barium titanate strontium titanate titanic- 
acid calcium boric-acid aluminum stannic-acid barium zirconic acid barium 
zirconic acid strontium, may be contained. 
[0033] 

In addition, the particle shape of the above-mentioned filler etc. has the shape of 
spherical, needlelike, and a flake etc., and is desirable from a viewpoint of 
restoration nature. [ of the shape of a ball ] Moreover, particle diameter is usually 



about 0.1-15 micrometers, and is smaller than the thickness of the liquid crystal 

polymer layer 1. 

[0034] 

moreover, wiring which an enveloping layer 2 mentions later -- while having the 
function of the adhesives at the time of carrying out covering formation of the 
conductor 4, when a capacitor element 8 is built in the cavernous section 7, the 
duty of the adhesives at the time of carrying out the laminating of a role of 
adhesives and insulating-layer 3 comrades which make a capacitor element 8 fix 
to the cavernous section 7 interior is achieved. 
[0035] 

an enveloping layer 2 -- for example, the polyphenylene ether system organic 
substance, such as polyphenylene ether resin, and the derivative or these 
polymer alloys, -- 30 - 90 volume % content -- carrying out -- **** ~ especially -- 
heat cycle dependability and wiring -- it is desirable to contain thermosetting 
polyphenylene ether, such as allyl compound denaturation polyphenylene ether, 
from a viewpoint of the location precision at the time of pasting up a conductor 4. 
[0036] 

In addition, if there is an inclination for kneading nature with the inorganic 
insulation powder later mentioned as the content of thermosetting resin, such as 
the polyphenylene ether system organic substance, is under 30 volume % to fall 
and 90 volume % is exceeded, in case an enveloping layer 2 will be formed in 
liquid crystal polymer layer 1 front face, there is an inclination for the thickness 
variation of an enveloping layer 2 to become large. Therefore, the content of 
thermosetting resin, such as the polyphenylene ether system organic substance, 
has the desirable range of 30 - 90 volume %. 
[0037] 

moreover, the enveloping layer 2 ~ adhesion with the liquid crystal polymer layer 
1, and wiring - a conductor 4 and the penetration mentioned later - it is 
desirable to contain additives, such as a polyfunctional monomer which has two 
or more functional groups in which a polymerization reaction is possible from a 



viewpoint of making adhesion with a conductor 5 good, or a polyfunctional 
polymer, for example, it is desirable to contain triallyl isocyanurate, triaryl 
SHIANU rates, these polymers, etc. 
[0038] 

Furthermore, the inorganic insulation powder whose particle size of the aluminum 
oxide for an enveloping layer 2 adjusting the coefficient of thermal expansion, or 
improving a mechanical strength, oxidization silicon, titanium oxide, barium-oxide, 
strontium-oxide, zirconium dioxide, calcium oxide zeolite, silicon nitride, 
alumimium nitride, silicon carbide, and potassium titanate barium titanate 
strontium titanate titanic-acid calcium boric-acid aluminum stannic-acid barium 
zirconic acid barium zirconic acid strontium, etc. is 0.1-2 micrometers contains 10 
- 70 volume %. 
[0039] 

The particle size such inorganic insulation powder in addition, in less than 0.1 
micrometers If it is in the inclination to reduce the insulating dependability after it 
becomes a condensation grain with inorganic powder and that condensation 
grain part serves as an enveloping layer 2 in the kneading process at the time of 
pasting this inorganic powder and exceeds 2 micrometers wiring which the 
surface smoothness of enveloping layer 2 front face falls, and is made to put ~ 
an adhesive property with a conductor 4 -- falling - as a result - wiring ~ it is in 
the inclination for a location gap of a conductor 4 to become large. Therefore, the 
particle size of the inorganic insulation powder contained in the enveloping layer 
2 has the desirable range of 0.1-2 micrometers, moreover, the time of doing the 
laminating and pressurization especially of the insulating layer 3, and forming the 
multilayer-interconnection substrate 9 with a built-in electronic device - the 
fluidity of an enveloping layer 2 - controlling - penetration - as for an enveloping 
layer 2, from a viewpoint of preventing thickness dispersion of a location gap of a 
conductor 5 or an enveloping layer 2, it is desirable to contain the inorganic 
insulation powder more than 10 volume %. furthermore, an adhesion interface 
with the liquid crystal polymer layer 1 and wiring - it is desirable to make the 



content of inorganic insulation powder below into 70 volume % from a viewpoint 
of preventing the exfoliation at the time of a solder reflow in an adhesion interface 
with a conductor 4. 
[0040] 

In addition, the configuration of inorganic insulation powder has the shape of 
spherical, needlelike, and a flake etc., and is desirable from a viewpoint of 
restoration nature. [ of the shape of a ball ] Moreover, the antioxidant for 
improving a rubber component and thermal stability for an enveloping layer 2 
adjusting an elastic modulus, The halogen system for adding light stabilizer, such 
as an ultraviolet ray absorbent for improving lightfastness, and fire retardancy, or 
the fire-resistant agent of a phosphoric-acid system, Fire-resistant assistants, 
such as an antimony system compound, and boric-acid zinc, metaboric acid 
barium, a zirconium dioxide, Lubricant, such as the higher fatty acid and higher- 
fatty-acid ester for improving lubricity, and a higher-fatty-acid metal salt, a 
fluorocarbon system surfactant, Or coupling agents, such as a silane system 
coupling agent for raising compatibility with inorganic insulation powder and 
raising a mechanical strength these junction disposition top and a titanate system 
coupling agent, may be contained. 
[0041] 

Such an insulating layer 3 to for example, inorganic insulation powder, such as 
oxidation silicon whose particle size is 0.1-2 micrometers The paste for 
enveloping layer 2 which added and obtained thermosetting polyphenylene ether 
resin, a solvent, a plasticizer, a dispersant, etc. A contact angle with triallyl 
isocyanurate is 3-50 degrees by plasma treatment. And after adopting and 
applying the sheet casting methods, such as a well-known doctor blade method, 
to the vertical front face of the liquid crystal polymer layer 1 which carried out 
surface preparation conventionally so that surface energy may serve as 45 - 70 
mJ/m2, Or after applying the above-mentioned paste layer to the front face of the 
liquid crystal polymer layer 1 by immersing the liquid crystal polymer layer 1 
during the above-mentioned paste, and pulling up perpendicularly, It is formed by 



manufacturing the precursor sheet which serves as an insulating layer 3 by 
heating this to the temperature in which thermosetting resin does not carry out 
full hardening, and carrying out warm air desiccation, carrying out the laminating 
of two or more sheets up and down, while performing suitable punching 
processing for them, and carrying out heat curing of it. 
[0042] 

In addition, a paste is a fluid which has suitably the predetermined viscosity 
which comes to add solvents, such as toluene and butyl acetate, and methyl- 
ethyl-ketone methanol methyl-cellosolve acetate isopropyl alcohol methyl- 
isobutyl-ketone dimethylformamide, to the composite material of thermosetting 
polyphenylene ether resin and inorganic insulation powder, and although the 
viscosity is based also on a sheet forming method, the range which is 100- 
3000poise is desirable [ viscosity ]. 
[0043] 

moreover, wiring formed in the front face of an insulating layer 3 - wiring which a 
conductor 4 consists of one sort or two sorts or more of alloys chosen from 
copper, gold, silver, aluminum, etc., and is located up and down on both sides of 
an insulating layer 3 -- a conductor ~ four comrades -- penetration - three- 
dimensional high density wiring is possible by connecting electrically through a 
conductor 5. 
[0044] 

in addition - this example - wiring -- formation of a conductor 4 - a replica 
method - carrying out - **** - such wiring - a conductor 4 is formed by the 
approach described below, first, the etching-resist removal after forming a resist 
layer so that it may be manufactured by the front face of a mold-release sheet by 
the galvanizing method etc., an electrolysis metallic foil with a thickness of 1-35 
micrometers it is thin from one sort or two sorts or more of alloys chosen from 
copper, gold, silver, aluminum, etc. may be pasted up and it may become the 
mirror image pattern of a desired circuit pattern on the front face - wiring of the 
mirror image of a circuit pattern predetermined to a mold-release sheet top - the 



imprint sheet with which conductor 4 be formed prepares, next, a front face - 
wiring -- removing a mold release sheet, after a pressure carries out 
pressurization heating of the imprint sheet with which the conductor 4 was 
formed superposition and after an appropriate time on the conditions 0.5 - 
10MPa and whose temperature are 60-150 degrees C to the front face and/or 
rear face of a precursor sheet for insulating-layer 3 ~ wiring - a conductor 4 is 
imprinted on a precursor sheet. And the front face of an insulating layer 3 is 
covered by heating and pressurization at the time of carrying out heat curing of 
the precursor sheet behind two or more sheet laminating, in addition, wiring 
located in the up-and-down outermost layer - let some conductors 4 be the 
connection pads 6 connected with an external electrical circuit. 
[0045] 

It functions as a conductor, moreover, penetration -- wiring with which a 
conductor 5 is located up and down on both sides of an insulating layer 3 - a 
conductor -- four comrades and wiring -- the connection for connecting 
electrically a conductor 4 and the cash-drawer polar zone 13 of a capacitor 
element 8 -- the precursor sheet for insulating-layer 3 - penetration - a 
conductor, while laser beam machining punches the through tube for 5 formation 
In the through tube Metal powder, such as copper, silver, gold, and solder Into 
organic resin ingredients, such as an epoxy resin, and bismaleimide triazine resin, 
thermosetting polyphenylene ether resin, liquid crystal polymer resin, toluene and 
butyl-acetate methyl-ethyl-ketone methanol methyl-cellosolve acetate 
isopropanal PIRUARU the penetration which carries out addition mixing of the 
solvents, such as call methyl-isobutyl-ketone dimethylformamide, and changes -- 
conventionally, well-known screen printing etc. is adopted, and it is filled up with 
the conductive paste for conductors 5, and is formed by carrying out heat curing 
of it with a precursor sheet. 
[0046] 

furthermore, the capacitor element 8 which the cavernous section 7 is formed in 
a part of insulating layer 3, and was mentioned above inside this cavernous 



section 7 ~ that cash-drawer polar zone 13 and wiring - the penetration which 
the conductor 4 prepared in right above and the insulating layer [ directly under ] 
3 of the cavernous section 7 -- it connects electrically through a conductor 5, and 
is made and contained. 
[0047] 

Such the cavernous section 7 is formed by forming the through hole in some 
precursor sheets for insulating-layer 3 by laser beam machining. And while 
inserting a capacitor element 8 into such a through hole A laminating is carried 
out up and down, the location corresponding to the cash-drawer polar zone 13 of 
a capacitor element 8 - penetration - the precursor sheet for other insulating- 
layer 3 with which it filled up with the conductive paste for conductors 5 - the - 
Temperature 150-300 degrees C, While a capacitor element 8 is contained in the 
cavernous section 7 by a pressure's carrying out a hotpress on condition that 0.5- 
10MPa for 30 minute - 24 hours, and carrying out heat curing of a precursor 
sheet and the conductive paste the penetration prepared in the cash-drawer 
polar zone 13 and the insulating layer 3 of the upper and lower sides of a 
capacitor element 8 - a conductor 5 is connected electrically. 
[0048] 

in addition, the case where the die length length and beside the cavernous 
section 7 sets length of a capacitor element 8, or the horizontal die length to 
Lmum - L+3 to L+30 micrometers - it is - penetration - from a viewpoint of the 
location precision in connection between a conductor 5 and a capacitor element 
8, L+30 micrometers or less are desirable, and in case a capacitor element 8 is 
inserted in the cavernous section 7, from a viewpoint of making a capacitor 
element 8 easy to insert, L+3 micrometers or more are desirable. 
[0049] 

furthermore, the adhesive strength which the adhesion area of the enveloping 
layer 2 which has the effectiveness of the adhesives of the capacitor element 8 
and the insulating layer 3 contained in the cavernous section 7 in the insulating 
layer 3 in which the cavernous section 7 is formed as the sum total of the 



thickness of an enveloping layer 2 is below the thickness of the liquid-crystal 
polymer layer 1 becomes small, and fixes a capacitor element 8 -- small - 
becoming - a heat cycle test - a capacitor element 8 and wiring - when a load 
joins a connection with a conductor 4, there is an inclination which becomes easy 
to disconnect. Therefore, as for the sum total of the thickness of the enveloping 
layer 2 in the insulating layer 3 in which the cavernous section 7 is formed, it is 
desirable that it is larger than the thickness of the liquid crystal polymer layer 1. 
In addition, as for the sum total of the thickness of an enveloping layer 2, from a 
viewpoint of preventing the fall of the alignment precision by the resin streak at 
the time of carrying out the laminating of the insulating layer 3, it is desirable that 
they are 1 .4 or less times of the thickness of the liquid crystal polymer layer 1 . 
[0050] 

And the thickness of the enveloping layer 2 of the side which touches a capacitor 
element 8 is formed more thickly than the thickness of the enveloping layer 2 of 
the opposite side, and that is important for it while the insulating layer 3 in which 
the cavernous section 7 by which the capacitor element 8 was contained is 
located up and down in the multilayer-interconnection substrate 9 with a built-in 
electronic device of this invention forms the enveloping layer 2 which combines 
inorganic insulation powder with thermosetting resin, and grows into the vertical 
side of the liquid crystal polymer layer 1 and changes. 
[0051] 

According to the multilayer-interconnection substrate 9 with a built-in electronic 
device of this invention, the insulating layer 3 located in right above [ of a 
capacitor element 8 ], and directly under at least From forming and changing, the 
enveloping layer 2 which combines inorganic insulation powder with 
thermosetting resin, and grows into the vertical side of the liquid crystal polymer 
layer 1 Since the liquid crystal polymer layer 1 with a small coefficient of thermal 
expansion can restrain the enveloping layer 2 with a large coefficient of thermal 
expansion and the coefficient of thermal expansion of an insulating layer 3 can 
be made to approximate with the coefficient of thermal expansion of a capacitor 



element 8 Since the big thermal stress resulting from the difference of the 
coefficient of thermal expansion of an insulating layer 3 and a capacitor element 
8 does not occur even if the heat which the electronic device carried generates at 
the time of actuation, the temperature change of an external environment, etc. 
are repeatedly impressed to a wiring substrate a crack occurring in both interface 
or exfoliating among both - 7 -- it is ~ ** 
[0052] 

Moreover, the thickness of the enveloping layer 2 of the side which touches a 
capacitor element 8 in the insulating layer 3 in which a capacitor element 8 is 
located up and down is thicker than the thickness of the enveloping layer 2 of the 
opposite side. Since there are many amounts of the thermosetting resin with 
which adhesion with a capacitor element 8 is presented by the side which 
touches a capacitor element 8 Even if the heat which an adhesive property with a 
capacitor element 8 becomes good, and the electronic device carried generates 
at the time of actuation, the temperature change of an external environment, etc. 
are repeatedly impressed to a wiring substrate between these -- exfoliating -- 
wiring -- a conductor 4 and penetration - it can consider as the multilayer- 
interconnection substrate 9 with a built-in electronic device which a conductor 5 
was not disconnected and was excellent in electrical installation dependability. 
[0053] 

In addition, it sets to the insulating layer 3 located in right above [ of a capacitor 
element 8 ], and directly under. If the thickness of the enveloping layer 2 of the 
side which touches a capacitor element 8 is less than 1 .2 times of the thickness 
of the enveloping layer 2 of the opposite side In the heating process at the time 
of making the multilayer-interconnection substrate 9 with a built-in electronic 
device of this invention, if the danger that the adhesive strength of a capacitor 
element 8 and an insulating layer 3 will decline becomes large and exceeds 
another side and 3 times The differential shrinkage of an enveloping layer 2 
becomes large by the upper and lower sides of the liquid crystal polymer layer 1 , 
and the multilayer-interconnection substrate 9 with a built-in electronic device of 



this invention becomes destroyed [ tend ] by the stress by the differential 
shrinkage. Therefore, in the insulating layer 3 located in right above [ of a 
capacitor element 8 ], and directly under, the 1.2 to 3 times as much range of the 
thickness of the enveloping layer 2 of the side which touches a capacitor element 
8 as the thickness of the enveloping layer 2 of the opposite side is desirable. 
[0054] 

According to the multilayer-interconnection substrate 9 with a built-in electronic 
device of this invention, in this way wiring located in the outermost layer of the 
multilayer-interconnection substrate 9 with a built-in electronic device of the 
above-mentioned configuration -- the connection pad 6 which consists of some 
conductors 4 -- conductors, such as solder, -- by connecting electronic parts (not 
shown), such as a semiconductor device, electrically through a bump (not 
shown) the electronic device 8 to build in and penetration -- a conductor 5 and 
wiring -- it can consider as the hybrid integrated circuit excellent in connection 
dependability with a conductor 4. 
[0055] 

In addition, although the multilayer-interconnection substrate 9 with a built-in 
electronic device of this invention manufactured the multilayer-interconnection 
substrate 9 with a built-in electronic device by carrying out the laminating of the 
insulating layer 3 of four layers in the above-mentioned example possible as for 
various modification when it was range which is not limited to an above- 
mentioned example and does not deviate from the summary of this invention, it 
may carry out the laminating of the insulating layer 3 of three layers or five layers 
or more, and may manufacture the multilayer-interconnection substrate 9 with a 
built-in electron. Moreover, although the insulating layer 3 in which the through 
hole used as the cavernous section 7 for laying an electronic device 8 
underground was formed was made into one layer, it is good also as more than 
two-layer. Furthermore, in this example, although the case where an electronic 
device was a capacitor element 8 was explained, electronic devices may be 
other electronic devices, such as a resistor and a coil. 



[0056] 

[Effect of the Invention] 

According to the multilayer-interconnection substrate with a built-in electronic 
device of this invention, the insulating layer located in right above [ of an 
electronic device ] and directly under at least From having the enveloping layer 
which contains thermosetting resin and inorganic insulation powder in the vertical 
side of a liquid crystal polymer layer Since a liquid crystal polymer layer with a 
small coefficient of thermal expansion can restrain an enveloping layer with a 
large coefficient of thermal expansion and the coefficient of thermal expansion of 
an insulating layer can be made to approximate with the coefficient of thermal 
expansion of an electronic device Since the big thermal stress resulting from the 
difference of the coefficient of thermal expansion of an insulating layer and an 
electronic device does not occur even if the heat which the electronic device 
carried generates at the time of actuation, the temperature change of an external 
environment, etc. are repeatedly impressed to a wiring substrate a crack 
occurring in both interface or exfoliating among both ~ there is nothing -- 
consequently, wiring -- a conductor and penetration -- poor electrical installation, 
such as an open circuit, does not occur in a conductor 
[0057] 

Moreover, since an insulating layer has many amounts of the thermosetting resin 
with which adhesion with an electronic device is presented by the side to which it 
touches an electronic device since the thickness of the enveloping layer of the 
side which touches an electronic device is thicker than the thickness of the 
enveloping layer of the opposite side Even if the heat which adhesion with an 
electronic device becomes good and the electronic device carried generates at 
the time of actuation, the temperature change of an external environment, etc. 
are repeatedly impressed to a wiring substrate between these - exfoliation - 
generating - wiring - a conductor and penetration - it can consider as the 
multilayer-interconnection substrate with a built-in electronic device which a 
conductor was not disconnected and was excellent in electrical installation 



dependability. 

[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing an example of the gestalt of 
operation of the multilayer-interconnection substrate with a built-in electronic 
device of this invention. 

[Drawing 2] It is the sectional view of the capacitor element as an electronic 
device built in the multilayer-interconnection substrate with a built-in electronic 
device shown in drawing 1 . 

[Drawing 3] It is the sectional view of the insulating layer of the multilayer- 
interconnection substrate with a built-in electronic device shown in drawing 1 . 
[Description of Notations] 

1 Liquid crystal polymer layer 

2 Enveloping layer 

3 Insulating layer 

4 wiring -- a conductor 

5 penetration ~ a conductor 

7 Cavernous section 

8 Capacitor element as an electronic device 

9 Multilayer-interconnection substrate with a built-in electronic device 

(multilayer-interconnection substrate with a built-in capacitor element) 

13 Cash-drawer polar zone 
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m-fti^mm 2 ojp^h' m±-t& t^o m^^it. mm 2m 0 tm%a 
±commmmiis-&t& z. t tmt u\ $ £> 1 1 ^ #^ffii> 

WS^MK 7 0ft«%b;lT^I>Cfc^?4 U\ 
[0040] 

tot 1 *:ibw\uyy% t L < (i u ylM^liMIWL ryft y&ffc^fo** 

[0 04 1 ] 

z\<v£ 0 %mm 3 a , Mi tress** 0 . 1 - 2 u va<mmmm^mmmmz . % 
o^-x b £ , 7° 5X7iic i 0 b u r u >w v >T7 1/- b t wmit&tf 3 - 5 0 • 

t*oT, ^IX^K-iM5-7 0mJ/m2 fc&S J; a ^HfflMSt «b h b*° 

u v-n 1 oiiT^ffittM*jf k ? vmmyy- vmm&vm Lxwm 

^s^L^v^tjiifeLTiamseji-rscifctJ: offing fc^sMig*^- b^s 
^h^uzxmmtih, 

[0042] 

,7 HI K:. b/L-xy ■ #li7>/b ■ ;^;bx^/t^ by ■ jt?s—j], ■ yt+ArbWlV? 
r-tf— b ■ A vru\?)VT)Vi-)v ■ *f-;M v 7>;b^by ■ ^^/MvbATS b 

*> i !> 3&s l 0 0- 3 0 0 0 !JM XolEffl^f 4 u^. 

[0043] 

tih 1 as ^(i 2 gjyj:tf>£&#^j£ "3 . ffisii 3 ^ g^-c±Ttfi»t -& ien#*4 ^ 

[0 044] 
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4(i, ^fc^S^teiO^jitSfU. Sf\ HS^-ho^ffitfto^^fftio 

l>J¥§ 1-3 5jumtf)W?&JW&£**U ^^ffitfilfSOffi^^-yiOMft^^- 

±^Fif 5^ WSJ 1 * - ytf>M«tf>ffiiSStt4 § totfe^- b £ ¥ff -t § . actc, 

fzimm^MfaSh^:, LA»Sa, EfctfO. 5-10MPa, fiI^'60-15 0TO 
f^TMEMfe L itlS y- b ZMifi-tz ki/ZX 0. 1£H*I#;4 Jiifty- I- ±£ 

mtimzti&mw^v vet ztix\*&. 

[0 04 5] 

u iesii3ffl«Mii*v-bt;Ma«*5^ffl^mafL^^--9 i 'ani^ i osa-t § 
h b u ruvrnm ■ i«wj7x^vyx-f;« ■ fe a H ^'j-?-fiis^*sfit 

[0046] 

£ 3 yf^tif 8 # i & immm 1 3 1 4 t 7 ^nhiutxitT 

[0047] 

z<v£?%£Mmm. mmM3mmm>>-b<7y-mz. mufv-^Mxizx^m 

^8£f?A-f§fcfcU^ =jyr>-9-il^8^iaitmffig|5l 3t;MJii5-ri ) fiM(cMa» 

, 50~300°C, ]±j]tf0. 5-1 0MPa<?)fftt3 0^h2 4lffl*7 b 

7vx lt frigft^- bfc i vmm'&'i-A h mmit^t ztm*)a >f/t*f 
mm 3 tfgftfcKsisEtt 5 1 ^'m^ wf^siis „ 

[0 048] 

SriK SfflgP7oS-ffi^$«. 3yry-9-*^8^Si^«i#<7)if§^ Lumbltz 

Mtoii*^ (i l + 3 o ju mttrmm i < . a yfyws zmm i mx-t 

h mz a yf>tlf8 & ft A < ~t%> k \ ^ L + 3 ju m£Lh**#4 L ^ . 

[0049] 

sA>t, ^ii7^M§nTi^ffiu^3tfcuT. wm2com&co-£m i MM 3 tf ] j 
-?~m i c?)jj^-pc* 5 k . smm 7 izm/rtz 3 yfyttfs t ffigjg 3 1 os* 
f 1 ^rf 5 mm 2 «g #h»*vJn§ < % 0 3 yfyttfs £@s&tss«;tj# 

#^jD^-3fc|gfc:, irtit J H-<*S«|6F* t *S. I^^T. ^?Hai7*«$tLTV^^ 

gji 3 ttsttsssji 2^)j?*<^tKijaffl^u v-jg 1 nmfrx 0 t 

v o ffijS^ ^ « . ffiSM 2 <r>m&.<r>m lim&tf U 1 oJ¥^<7) 1 . 4 fgiilTT"fe l> 
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[0 0 50] 

tlx. ^m^m^m^m^mmimm^^xii. ^yfy^rm^smm^h 
tzmm^ 7 <D±_Tiz{mtmmm 3 a , u ^-ji i oiirffi^wMitt «t 

[0 0 5 1 ] 

*^«€^Sff ftf^Jfl£fiM 9 iz X tdt£. 'J?% < t i> 3 yfyf*F 8 coW±& X 
B B B *° U 1 ^liiii^l v «gJi 2 £ ffe)5g LT*feg)i 3 nyf 

T\ W^^Hfc ? 7 y ? tm^iLtz 9 M^rtHfllH-S «&3r^ . 
[0 0 52] 

i st, ?>T>V-m^8cD±.Tlz{m-f&mm3 {^UTnyfytif 8t«ftSffl 
«M«M2«l¥^^«RMfI^Ma/i2^/i^ £ J; 0 iflK^Ti^. 3yf>t*f 

Ms^twiBHS^M | 9iitepjn$ii^«h tTi. iti^rnxmrnixmrnm 
m *?mwmfa 5 tmmth z\tm<, mmmmmmmzmtitzm^m^mmm 

mXM9t-f&c\tii i X'%&, 
[0 0 53] 

&ts, 3yryvmT8(7)\K±&£VWTiz&U^hitmm3iz}5^x. 3yTy*rm=F 
8 izmt&{mmm2cD!Wfrtf%cofcnMcommm2comfr<o 1 . 2m&tc$>& t . 
3 y r 8 1 t&iiMi 3 1 commx imr-ti im&tf±z < % 0 . m . im*m 
thb. *min%^?m.mmm. 9*m m^mmmzh \ ^x . m& u ~? 
-mico±rximm2cowMm^<%*), zawmtzmuizi wmom 
itt\m£mtiBmL9iMmztiM<%&. t^t, =?yry-»m^8^[f±fc 
x tmrizimt h mm 3(:ft^-r, 3 y^y^n^^zw^mmmm 2 <nmwz 
*nmwcmmm2com*co 1 . 2-smmmt lw 

[0 0 54] 

mmm 9 cvmmizimt s leiss* 4 <o-gpj&» ^ jats jgg^ <« -y k 6 h^iwv * 
yy (w&tr) ziYLx^mm^-mcom^-msh tw^tt) znmtuzimfizt 
izx 0 . ^i^m^s^ s tiiift5«#ft4 1 wsagfiffittfcftfifcMfi^m 

[0 0 5 5] 

. ^^mmTm^m^mwmm 9 (±_b£ o^MtnsE§ixi. t co-casr < . 

Ttt4 JI«iJI 3 £»Jf^l> ; 1 1 J: oT«^^F^^JliaSfflS9 £Sf^L^, 

3 5 jfiii±oie^M 3 £ »Ji l t ^)t#Mffi^a« 9 ^ lt t i v \ * ^ , 
, 2«Rti:L-c*>iv^ z^z^mmmxn.. m^m^^yfy^m^s^^z^ 

[0 0 56] 
[^BJOJM] 
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[0 0 57] 

ixwmm^nmm^imm-h z\km<, mmmmmimmzmtL^m^m^m 

mwrnm kthzk tfx % & . 

imrncoffimmm 

[Hi ] ^%m^%TmTnmmmmm<nmm^mm^m^-ttmmxhh, 
[H2 ] mi^tm^m^ftn^mmmmmtzftnzixfzm^m^k Lx^y^y^- 
m^commmxhi, 

[03]0i ^tmTmTftMmmmwimmmmmxfoh* 



1 JRA^'Jv-l 

2 wm 

3 

4 fSKWtt 

5 nmmtk 

7 gflffi 

9 m^m^\mmwmu{^yi t y^m^\mmmx&) 

13 3[ftLttMP 
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